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Abstract
We review an efficient formulation of the complete theory of supersymmetry without
R-parity, where all the admissible R-parity violating terms incorporated. Some interesting
recent results will be discussed, including newly identified 1-loop contributions to neutrino
masses and electric dipole moments of neutron and electron, resulted from R-parity violating
LR squark and slepton mixings.
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We review an efficient formulation of the complete theory of supersymmetry without R-parity, where all
the admissible R-parity violating terms incorporated. Some interesting recent results will be discussed,
including newly identified 1-loop contributions to neutrino masses and electric dipole moments of
neutron and electron, resulted from R-parity violating LR squark and slepton mixings.
1 The Generic Supersymmetric
Standard Model
Supersymmetry without R-parity is noth-
ing but the generic supersymmetric Standard
Model, i.e. a theory built with the minimal
superfield spectrum incorporating the Stan-
dard Model (SM) particles and interactions
dictated by the SM (gauge) symmetries and
the idea that SUSY is softly broken. The the-
ory is hence generally better motivated than
ad hoc versions of R-parity violating (RPV)
theories. Here, however, RPV parameters
come in various forms. The latter includes
the more popular trilinear (λijk , λ
′
ijk, and
λ′′ijk) and bilinear (µi) couplings in the su-
perpotential, as well as soft SUSY breaking
parameters of the trilinear, bilinear, and soft
mass (mixing) types. From a phenomenolog-
ical point of view, there is the related notion
of (RPV) “sneutrino VEV’s”. In order not
to miss any plausible RPV phenomenological
features, it is important that all of the RPV
parameters be taken into consideration with
a priori bias. To emphasize the point, we
call the model the complete theory of SUSY
without R-parity.
The most general renormalizable super-
potential for the supersymmetric SM (with-
out R-parity) can be written as
W= εab
[
µαHˆ
a
uLˆ
b
α + h
u
ikQˆ
a
i Hˆ
b
uUˆ
C
k + λ
′
αjkLˆ
a
αQˆ
b
jDˆ
C
k
+
1
2
λαβkLˆ
a
αLˆ
b
βEˆ
C
k
]
+
1
2
λ
′′
ijkUˆ
C
i Dˆ
C
j Dˆ
C
k , (1)
where (a, b) are SU(2) indices, (i, j, k) are
the usual family (flavor) indices, and (α, β)
are extended flavor index going from 0 to 3.
In the limit where λijk , λ
′
ijk , λ
′′
ijk and µi all
vanish, one recovers the expression for the
R-parity preserving case, with Lˆ0 identified
as Hˆd. Without R-parity imposed, the lat-
ter is not a priori distinguishable from the
Lˆi’s. Note that λ is antisymmetric in the
first two indices, as required by the SU(2)
product rules, as shown explicitly here with
ε12 = −ε21 = 1. Similarly, λ′′ is antisymmet-
ric in the last two indices, from SU(3)C.
R-parity is exactly an ad hoc symmetry
put in to make Lˆ0, stand out from the other
Lˆi’s as the candidate for Hˆd. It is defined
in terms of baryon number, lepton number,
and spin as, explicitly, R = (−1)3B+L+2S .
The consequence is that the accidental sym-
metries of baryon number and lepton number
in the SM are preserved, at the expense of
making particles and superparticles having a
categorically different quantum number, R-
parity. The latter is actually not the most
effective discrete symmetry to control super-
particle mediated proton decay1, but is most
restrictive in terms of what is admitted in the
Lagrangian, or the superpotential alone. On
the other hand, R-parity also forbides neu-
trino masses in the supersymmetric SM. The
strong experimental hints for the existence of
(Majorana) neutrino masses2 is an indication
of lepton number violation, hence suggestive
of R-parity violation.
The soft SUSY breaking part of the La-
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grangian is more interesting, if only for the
fact that many of its interesting details have
been overlooked in the literature. However,
we will postpone the discussion till after we
address the parametrization issue.
2 Parametrization
Doing phenomenological studies without
specifying a choice of flavor bases is am-
biguous. It is like doing SM quark physics
with 18 complex Yukawa couplings, instead
of the 10 real physical parameters. As
far as the SM itself is concerned, the ex-
tra 26 real parameters are simply redun-
dant, and attempts to related the full 36
parameters to experimental data will be fu-
tile. In SUSY without R-parity, the choice of
an optimal parametrization mainly concerns
the 4 Lˆα flavors. We use here the single-
VEV parametrization3 (SVP), in which flavor
bases are chosen such that : 1/ among the
Lˆα’s, only Lˆ0, bears a VEV, i.e. 〈Lˆi〉 ≡ 0;
2/ hejk(≡ λ0jk) =
√
2
v0
diag{m1,m2,m3}; 3/
hdjk(≡ λ
′
0jk = −λj0k) =
√
2v0diag{md,ms,mb};
4/ huik =
vu√
2
V
†
CKM diag{mu,mc,mt}, where
v0 ≡
√
2 〈Lˆ0〉 and vu ≡
√
2 〈Hˆu〉. Thus, the
parametrization singles out the Lˆ0 superfield
as the one containing the Higgs. As a result,
it gives the complete RPV effects on the tree-
level mass matrices of all the states (scalars
and fermions) the simplest structure. The
latter is a strong technical advantage.
There are, in fact, many subtle issues
involved in a consistent formulation of the
complete theory. One has to be particularly
careful when the perspective of adding the
various RPV terms to the MSSM is taken.
Such issues will be addressed in a forthcom-
ing review4, to which the readers are referred.
3 Fermion Sector Phenomenology
The SVP gives quark mass matrices exactly
in the SM form. For the masses of the color-
singlet fermions, all the RPV effects are para-
matrized by the µi’s only. For example, the
five charged fermions ( 3 charged leptons +
Higgsino + gaugino ), we have
MC =


M2
g2v0√
2
0 0 0
g2vu√
2
µ0 µ1 µ2 µ3
0 0 m1 0 0
0 0 0 m2 0
0 0 0 0 m3

 . (2)
Moreover each µi parameter here character-
izes directly the RPV effect on the corre-
sponding charged lepton (ℓi = e, µ, and
τ). This, and the corresponding neutrino-
neutralino masses and mixings, has been ex-
ploited to implement a detailed study of
the tree-level RPV phenomenology from the
gauge interactions, with interesting results3.
Neutrino masses and oscillations is no
doubt a central aspect of any RPV model.
In our opinion, it is particularly important
to study the various RPV contributions in a
framework that takes no assumption on the
other parameters. Our formulation provides
such a framework. Interested readers are re-
ferred to Refs.5,6,7,8,9.
4 Interesting Phenomenology from
SUSY Breaking Terms
The soft SUSY breaking part of the La-
grangian can be written as
Vsoft = Q˜
†m˜2Q Q˜ + U˜
†m˜2U U˜ + D˜
†m˜2D D˜ + L˜
†m˜2LL˜
+ E˜†m˜2E E˜ + m˜
2
Hu
|Hu|2 +
[
M1
2
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M2
2
W˜W˜
+
M3
2
g˜g˜ + ǫab
(
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j
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d Q˜
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i D˜
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E
ijH
a
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C
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b
jE˜
C
k
)
+
1
2
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C
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C
j D˜
C
k + h.c.
]
(3)
where we have separated the R-parity con-
serving A-terms from the RPV ones (recall
Hˆd ≡ Lˆ0). Note that L˜†m˜2L˜L˜, unlike the
other soft mass terms, is given by a 4×4 ma-
trix. Explicitly, m˜2
L00
corresponds to m˜2
Hd
of
the MSSM case while m˜2
L
0k
’s give RPV mass
mixings.
Obtaining the squark and slepton masses
is straight forward. The only RPV contribu-
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tion to the squark masses7,11 is given by a
−(µ∗i λ′ijk ) vu√2 term in the LR mixing part.
Note that the term contains flavor-changing
(j 6= k) parts which, unlike the A-terms
ones, cannot be suppressed through a flavor-
blind SUSY breaking spectrum. Hence, it has
very interesting implications to quark electric
dipole moments (EDM’s) and related pro-
cessses such as b → s γ10,11,12. For instance,
it contributes to neutron EDM at 1-loop or-
der, through a simple gluino diagram of the d
squark. If one naively imposes the constraint
for this RPV contribution itself not to exceed
the experimental bound on neutron EDM,
one gets roughly Im(µ∗i λ
′
i11) <∼ 10−6GeV, a
constraint that is interesting even in compar-
ison to the bounds on the corresponding pa-
rameters obtainable from asking no neutrino
masses to exceed the super-Kamiokande at-
mospheric oscillation scale10.
Things in the slepton sector are more
complicated. The 1 + 4 + 3 charged scalar
masses are given in terms of blocks
M˜2Hu = m˜2Hu + µ∗αµα +M2Z cos2β
[
1
2
− sin2θW
]
+ M2Z sin
2β [1− sin2θW ] ,
M˜2LL = m˜2L +m†LmL +M2Z cos2β
[
−1
2
+ sin2θW
]
+
(
M2Z cos
2β [1− sin2θW ] 01×3
03×1 03×3
)
+ (µ∗αµβ) ,
M˜2RR = m˜2E +mEm†E +M2Z cos2β
[
− sin2θW
]
; (4)
and
M˜2LH = (B∗α) +
(
1
2
M2Z sin2β [1− sin2θW ]
03×1
)
, (5)
M˜2RH = − (µ∗i λi0k )
v0√
2
, (6)
(M˜2RL)T =
(
0
AE
)
v0√
2
− (µ∗αλαβk )
vu√
2
. (7)
We have to skip the neutral scalar part7
here. The RPV contributions to the charged,
as well as neutral, scalar masses and mix-
ings give rise to new terms in quarks and
electron EDM’s11,13, b → s γ12, µ → e γ13,
and neutrino masses diagrams that have been
largely overlooked6,7. The last includes dia-
grams corresponding to a SUSY version of
the popular Zee neutrino mass model14. De-
tails are to be found in the cited references.
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